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Abstract

The community of periphyton was studied at high altitude streams of the Han-river System,
including Buk-stream and Hangae-stream from October to November 2010. The study had
special emphasis on the distribution of the cryophilic and mountain periphyton. In this
research, 117 taxa of periphyton appeared and 80 taxa of diatom were included within these
periphytons. Saproxenous taxa, such as Achnanthes convergens and Hannaea arcus var. subarcus
were appeared in most sites, 7 sites were dominant by filamentous taxa in green and blue green
algae. The DAIpo value was from 48.8 to 92.5 for the water system of this research. Most sites
showed a good water quality, receiving a B class or above except the Woljeong-stream and the
Daeki-stream. Cryophilic and mountain periphyton appeared 9 taxa which composed by
diatoms Cymbella affinis, Cymbella tumida, Diatoma mesodon, Diatoma vulgare, Eunotia pectinalis,
Hannaea arcus, Hannaea arcus var. subarcus and Synedra inaequalis and green algae Ulothrix zonata.
Among these taxa, Hannaea arcus var. subarcus, found in 29 out of 33 sites, had the highest
frequency of apperance. The relative frequency of Hannaea arcus var. subarcus was positively
correlated with altitude(r?=0.539) and negatively correlated with water temperature(r>=0.338).
As a result, Hannaea arcus var. subarcus showed the characteristics of cryophilic and mountain
periphyton in the research site.

Keywords : Cryophilic and mountain algae, High Altitude Streams, Periphyton

Corresponding Author: Ok-Min Lee, Department of Life Science, Kyonggi University, Suwon 443-760, Korea Tel: +82-31-249-9643
Fax: +82-31-241-0860 E-mail: omlee@kyonggi.ac.kr



144 SEISE M221E M1E

S shHol HatxRo] I AN 279 REE
grelaL, e QUAlkell g FhAIH A 539
o] FARFE Y 249 42 JolH gmo) e Bxzs 2wt giste] A7E
Eolu AlE ol F&eA A4lshe BAE, A T} 0|2 Esle] 7|emal] nlziet Ao 2EE
T AV 275 E3HGraham et al., 2009) sholslo @ a Tl A] 7| HE| gt A
FAxRe Aesdasdt A =SAEAYL A nygee) 1z aE Sestast st
RARRA Fa% AdgS s, 714 7T 5
Hato] AgFromn SN 0P Lehys
B ;i?h A
(Descy, 1979; Watanabe et al., 1990). °]=
_ 1. ZAKIE Y EAP|Z
AAR ] wgh Sol ThE et Hla] ﬁliol
WET e ZANEC A 7R 9oy, 2 AFe A A9lae skl 1970 -
92 9l Oak So ola} AlEako] Waly} Eaislt) I} Aopitol A Hhelste] B o® fYEl= oA
(Allan, 1995). A7 B34S oF 100m 1= 4 2 14 3Ee
27 2 7eusle guss 7)EHels 22 ool F 3370 AAE e R 20109 10€+5H
o) [ AeA ] A - 7FAAe TS u]| 1 Q) 118 744 2AFsH chFig. 1—2).
on SAEAL o3t Wslel WAooz B A9l shd S 17 B FEwmS2: A
o] Q= AeR Yehdth(Ferrari et al, 2007: R AR, 830 S W e -
Komatsu et al, 2007). BARFE oz 715 WA, 540 2= Wl Boiel-Hdad, S5: <A
wslol Bels) shaAE Ao 2 ArgEs g7« /1dH A -gE, s6: B dwd A
g3 glon 2|0 Al Auicke] 2Rk 9 2-A4, ST A ARw dAE-edid, S8
2|3} AujofalHo) A LEol| wE Hak1zo] 217 WAL AR e -, 89 BTt
H3}o] tf3t <+ (Antoniades and Douglas, B BAIR-EA, S10: B §EH sS4
2002), A B2 =220l Zyonema®t A9]Al Z, S1L: 73] A di7) el -tz 4, S12: HE
ko] Z7to] tgt 917 (Holzinger et al, 2009), o AR gate-eAbd, S13: A SEY =
ZHEo YT A9 Baxg Fyus  ARSEAR, S14 A S FeE -,
(Kownacki et al., 2006) 5% a+7F it S15: Al & eEe]-old, si6: A Abs
o] 7 71 skel W shH o] AEdt S 13 -AAA, S17: GETE A e S
2l 7|3l Hokal AF| T Ao tiah At Sl YT s RE S E 500m o]/de]
£ olFHEY 5, 2010 AXYN A =55 RS e siglon, A7 =(S1: 7HEw 59
(A, 2008; £AI3E 5 20104 LB ATE shotz|-slob) ot SHE(S18: AlZA| gabd ot
Bz ol Ao olo} IAY AHA AL} 237, S19: Theft oA Ak -2 Ak 9]
g A EIE 200~600me] Moo &dhe 4
g

=t
7] olFo 22| fgtom 7] FHsle) ug

}9} A Ar@AN 5, 201D ol ek &= ARAHE IR 2ARFIRHFig. 1.
Aol 4270l gt oj;g 7} 313 9 Agsrxg EHE Aot }%‘C%ﬁlwﬂ*i TEEA S, W
JOI A EPE B ANLE A g AT A A TR WA} o] 0F
ZAxFeA, 2t o LW 5o JM ol FEo AYTE F{YHE SR Tk
AT ol Fo] A4 Atk ATl 4% FUFE7HA] oF 36km o9, T/

nEbA 2 dtolds I ARAY Afale AABL 7% AT, B2: FHEAE, B3 WA



SZIA| Aol T SHMO| KA L AOHM HIRERERI 145

East-Sea
p: ' Y
S40.83 o \(
Gi -d
angwon-do 810'.55 .g)ag
*511
*s13 512
514 \
*S15
*S16
), SI 7 1
ig I as19 {
S 518
Chungcheongbuk-do Gyeongsangbul-do|
'] 15km-

Fig. 1. A map showing the 19 sampling sites at high altitude
streams in the Han-river System from October to
November 2010.
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Fig. 2. A map showing the sampling sites at Buk-stream and
Hangae-stream in Gangwon-do from October to
November 2010.
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Fig. 3. Relationship between water temperature and altitude at high altitude stream in the Han-river System(a) and Buk-stream(b)
from October to November 2010.

Table 1. Physicochemical environmental factors at high altitude stream in the Han-river System from October to November 2010

Site altitude(m) | width(m) | depth(cm) W.T(C) DO(mg/L) pH EC(us/cm) | Turb.(NTU)
S1 249 4 60 17.5 9.2 7.9 34.4 0.49
S2 641 3 40 17.6 105 8.2 36.7 1.18
S3 700 5 25 10.0 9.5 7.8 36.7 0.54
S4 606 7 40 10.8 10.7 7.5 35.7 0.73
S5 700 8 50 13.8 10.7 7.6 32.2 0.58
S6 700 5 50 19.5 8.9 9.1 48.4 1.04
S7 846 6 30 12.7 63 7.3 45.9 1.02
S8 603 6 30 124 8.4 7.2 216.8 3.47
S9 871 5 70 12.1 7.8 7.4 42.8 1.63
S10 828 4 60 171 8.7 7.7 335 0.38
S11 782 1 30 12.7 8.0 7.6 164.8 2.98
S12 700 3 50 17.2 9.5 7.8 57.0 0.79
S13 671 4 10 17.6 10.4 7.4 71.7 2.60
S14 680 3 50 13.3 7.1 6.8 30.8 0.55
S15 658 8 40 13.7 8.1 7.0 311.0 0.70
S16 849 2 50 124 8.5 6.8 87.6 1.49
S17 871 8 60 14.5 8.9 9.5 36.5 2.64
S18 220 2 60 15.7 9.2 7.1 34.0 0.47
S19 557 2 30 14.6 8.8 7.4 79.9 1.04
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Fig. 4. DAIpo(a, b) and TDI(c, d) at high altitude stream in the Han-river System, Buk-stream and Hangae-stream from October
to November 2010.
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Achnanthes laevis, Cymbella affinis, Cymbella
delicatula, Cymbella leptoceros, Cymbella
naviculiformis, Cymbella tumida, Diatoma
mesodon, Diatoma vulgare, Eunotia pectinalis,
Hannaea arcus, Hannaea arcus var. subarcus,
Neidium iridis, Orthoseira roeseana, Pinnularia
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7} Ulothrix zonata, Rhaphjdonema nivale @
Stichococcus bacillaris, AR 27}] Hydrurus
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Cymbella affinis, Cymbella tumida, Diatoma
mesodon, Diatoma vulgare, Eunotia pectinalis,
Hannaea arcus, Hannaea arcus var. subarcus

9 Synedra inaequalis, %2732 Ulothrix zonata

Z
S8 ERure EEEA, 2007904 B Z 9o A 9 Ak 2577 Sk
SHERL 5O~117€~%L, FrAEREE 5, o, o]ggt BEF+E2 /furthAntoniades and
2010)01A4 43~137THR-Fe] Fax77F 28 A Douglas, 2002; Lauriol et al., 2006), Ao}
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Table 2. List of cryophilic and mountain periphyton in this study
Class Species Reference
Cymbella affinis g(l)q(;llng, 1993; Servant-Vildary, 1982; Lauriol et al., 2006; Medvedeva,
Cymbella tumida Chung, 1993; Medvedeva, 2001

Diatoma vuigare

Chung, 1993; Kim et al., 2009; Medvedeva, 2001

Diatoma mesodon
Bacillariophyceae

Potapova, 1996; Kownacki et al., 2000; Lauriol et al., 20006;
Medvedeva, 2001

Eunotia pectinalis

Chung, 1993; Medvedeva, 2001

Hannaea arcus

Antoniades and Douglas 2002; Round ef al, 1990; Servant-Vildary,
1982; Lauriol et al., 2006; Medvedeva, 2001

Hannaea arcus var. subarcus | Chung, 1993; Lee et al., 1992

Synedra inaequalis

Chung, 1993; Medvedeva, 2001; Medvedeva, 2001

Chlorophyceae Ulothrix zonata

Chung, 1993; Potapova, 1996; Medvedeva, 2001
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Fig. 5. Relationship between Hannaea arcus var. subarcus and altitude(a), water temperature(b) in Buk-stream(a, b) and

Hangae-stream(a) from October to November 2010.
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Appendix 1. Species list of periphyton at 19 sites of high altitude streams in the Han-river System from October to November 2010

Species

Site

—_

o

10

11

12

13

14

16

17

18

19

PHYLUM CYANOPHYTA

Cl. CYANOPHYCEAE

Ord. Chroococcales

Fam. Chroococcaceae

Chroococcus minor

Chroococcus minutus

Chroococcus varius

++

++

++

++

++

Merismopedia punctata

Synechocystis aquatilis

Synechocystis aquatilis var. minor

Ord. Nostocales

Subord. Nostochineae

Fam. Rivuriaceae

Calothrix fusca

Fam. Scytonemaceae

Tolypothrix robusta

Subord. Oscillatoriineae

Fam. Oscillatoriaceae

Lyngbia aerugineo-coerulea

Oscillatoria okenii

Oscillatoria profunda

Oscillatoria tenuis

Phormidium ambiguum

++

Phormidium angustissimum

Phormidium fragile

++

++

Phormidium subterraneum var. crassum

Phormidium valderianum var. tenuis

PHYLUM CRYSOPHYTA

Cl. BACILLARIOPHYCEAE

Ord. Centrales

Subord. Coscinodiscineae

Fam. Thalassiosiraceae

Cyclotella stelligera

Fam. Melosiraceae

Melosira varians

Ord. Pennales

Subord. Araphidineae

Fam. Fragilariaceae

Diatoma mesodon

Diatoma vuigaris

Fragilaria capucina

Fragilaria capucinavar. capitellata

Fragilaria construens

Synedra ulna
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Appendix 1. Continued

Species

Site

N

10

11

12

13

14

18

19

Synedra acus

Synedra inaequalis

Hannaea arcus

Hannaea arcus var. subarcus

Meridion circulare

Subord. Raphidineae

Fam. Eunotiaceae

Eunotia minor

Fam. Achnanthaceae

Achnanthes convergens

Achnanthes exigua

Achnanthes lanceolata

Achnanthes minutissima

Achnanthes minutissima var. jackii

Achnanthes oblongella

Achnanthes subbudsonis

Cocconeis pediculus

Cocconeis placentula

Cocconeis placentula var. lineata

Fam. Naviculaceae

Amphora copulata

Amphora inariensis

Amphora pediculus

Cymbella affinis

Cymbella japonica

Cymbella minuta

Cymbella silesiaca

Cymbella sinuata

Cymbella tumida

Cymbella turgidula

Cymbella turgidula var. nipponica

Diploneis ovalis

Gomphonema clevei

Gomphonema minutum

Gomphonema parvulum

Gomphonema pseudoaugur

Gomphonema quadripuncitatum

Navicula capitatoradiata

Navicula cryptocephala

Navicula decussis

Navicula elginensis var. neglecta

Navicula gregaria

Navicula kuelbsii

Navicula lanceolata




Appendix 1. Continued

e Site
Species

—_
[\S]
W
N
(@)Y
~l
o
O

10

Navicula minima

Navicula mutica + +

Navicula nipponica + +

Navicula phyllepta +

Navicula pupula + |+ +

Navicula rbynchocephala A F

Navicula senjoensis +

Navicula subminuscula

Navicula tanceolata +

Navicula trivialis +

Navicula venela +

Naviculaviridula var. rostellata + ]+ +

Navicula viridula var. rostrata +

Rboicosphenia abbreviata

Fam. Bacillariaceae

Nitzschia amphibia + + +l+ ]+

Nitzschia dissipata + |+ +

Nitzschia nana +

Nitzschia palea 4+ + [P P

Fam. Surirellaceae

Surirella angusta +

PHYLUM CHLOROPHYTA

Cl. CHLOROPHYCEAE

Ord. Chaetophorales

Fam. Chaetophoraceae

Chaetophora elegans + +

Chaetophora sp. ++

Fam. Protococcaceae

Protococcus viridis +

Ord. Chlorococcales

Fam. Scenedesmaceae

Scenedesmus acuminatus

Ord. Zygnematales

Fam. Zygnemataceae

Subfam. Spirogyroideae

Spirogyra sp. +

Subfam. Cosmarieae

Cosmarium suberenatum

Cosmarium wittrockii +

PHYLUM CRYPTOPHYTA

Cl. CRYPTOPHYCEAE

Ord. Cryptomonadales

Fam. Cryptomonadaceae

Cryptomondas sp. +
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Appendix 2. Species list of periphyton at Buk-stream and Hangae-stream in Gangwon-do from October to November 2010.

Species

Site

Bl

B2

B3

B4

B5

B6

B7 | H1

H2

H3

H4

H5

H6

H7

PHYLUM CYANOPHYTA

Cl. CYANOPHYCEAE

Ord. Chroococcales

Fam. Chroococcaceae

Chroococcus varius

Gloeocapsa arenaria

Synechocystis aquatilis var. minor

Ord. Nostocales

Subord. Nostochineae

Fam. Scytonemaceae

Scytonema hofimanmnivar. symplocoides

Subord. Oscillatoriineae

Fam. Oscillatoriaceae

Oscillatoria chlorina

Oscillatoria okenii

Oscillatoria tenuis

Oscillatoria sp.

Phormidium subterraneum var. crassum

++

Phormidium valderianum var. tenuis

PHYLUM CRYSOPHYTA

Cl. BACILLARIOPHYCEAE

Ord. Centrales

Subord. Coscinodiscineae

Fam. Melosiraceae

Melosira varians

Ord. Pennales

Subord. Araphidineae

Fam. Fragilariaceae

Diatoma mesodon

Fragilaria capitata

Fragilaria capucina var. capitellata

Synedra ulna

Synedra acus var. radians

Synedra inaequalis

Hannaea arcus

Hannaea arcusvar. subarcus

Tabellaria flocculosa

Subord. Raphidineae

Fam. Eunotiaceae

Eunotia curvata

Eunotia diodon

Eunotia minor

Eunotia pectinalis




Appendix 2. Continued

Species

Site

Bl

B2

B3

B4

B5

B6

B7 | H1

H2

H3

H4

H5

H6

H7

Fam. Achnanthaceae

Achnanthes convergens

Achnanthes lanceolata

Achnanthes minutissima

Achnanthes minutissima var. jackii

+ +] 4]+

Achnanthes subbudsonis

Cocconeis placentula var. lineata

Fam. Naviculaceae

Amphora inariensis

Cymbella affinis

Cymbella japonica

Cymbella lacustris

+

Cymbella minuta

Cymbella silesiaca

Cymbella tumida

+| +| +

Cymbella turgidula

Gomphonema affine

Gomphonema clevei

Gomphonema parvulum

Gomphonema quadripunctatum

Navicula amphbiceropsis

Navicula bacillum

Navicula cryptotenella

Navicula decussis

Fam. Bacillariaceae

Denticula tenuis

Nitzschia amphibia

Nitzschia amphibioides

Nitzschia palea

Fam. Surirellaceae

Surirella angusta

PHYLUM CHLOROPHYTA

Cl. CHLOROPHYCEAE

Ord. Volvocales

Fam. Chlamydomonadaceae

Carteria klebsii

Ord. Ulotrichales

Fam. Ulotrichaceae

Ulothrix zonata

++

Fam. Microsporaceae

Microspora willeana

Ord. Chaetophorales

Fam. Chaetophoraceae
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Appendix 2. Continued

N Site

Species

B1|B2|B3|B4|B5|B6|B7|Hl
Chaetophora sp. |+
Fam. Trentrpohliaceae
¥

Tretenpoblia aurea
+

Ord. Chlorococcales

Fam. Chlorococcaceae

Chlorella sp.
Fam. Scenedesmaceae

Scenedesmus acutus

Ord. Zygnematales

Fam. Zygnemataceae

Subfam. Spirogyroideae

Spirogyra sp.

Fam. Desmidiaceae
"

Subfam. Cosmarieae

Cosmarium bioculatum
+ |+

Cosmarium suberenatum

Cosmarium wittrockii




